As it is dicult to obtain human stratum corneum for testing the pharmacological eect of the drugs, many researchers have tried to nd alternative membrane for this purpose, instead of the human skin. Many animal skins e.g. pig, reptile, or sh skin seem to be suitable for this purpose. Therefore this project will provide more details to help understand more deeply the structure of these alternative skins. This project is focused on the sh skin because such skin can be easily found in Germany. Two dierent techniques i.e. small and wide angle X-ray scattering (SWAXS) and dierential scanning calorimetry (DSC) have been applied for characterization of some local sh skins. The results showed that dierent skins (i.e. human stratum corneum, pig, shed snake, and sh) showed small dierences in SWAXS patterns as well as in DSC thermograms. The drug paracetamol and the surfactant sodium lauryl sulphate can penetrate into the sh skins and they can aect a rearrangement of the inner structure which contains dierent lipids and proteins. The data are in agreement with those obtained for the shed snake skins in our previous study.
Introduction
There is a considerable interest for the use of alternative model membrane for in vitro pharmaceutical applications. However, it is particularly dicult to obtain human skin for in vitro experiments and it is therefore important to have alternative membranes which mimic human skin (Stratum corneum). It is mentioned in the literature [13] that dierent membranes can be used likewise, as for example pig, reptile, or sh skin. Our previous work showed that the local snake's shed skin from Python molurus molurus was the most eective model membrane for this purpose, because it can be easily obtained from the reptile shop without any cost. However, further model membranes e.g. from shes may also be of interest. Some researchers [23] have mentioned the possibility to make use of them. The advantages of the sh skins are that they can be obtained at the supermarket or sh shop. We do not need to wait for the shedding process, as it is in case of snakes. However, the sh skins should be freshly prepared and used directly without storing. In order to understand the secondary nanostructure of model membrane, the SWAXS and DSC techniques were applied. Atlantic cod (Gadus morhua), Trout (Salmo trutta), Gilthead bream (Sparus aurata) from Germany were used in this project. Dierent substances (paracetamol, ibuprofen, sodium lauryl sulphate-SLS, Tween80) were studied to understand the eect on the model skins. The DSC measurements were performed using Perkin Elmer 7 (USA). The sample of each skin of about 1020 mg was put into an aluminum pan which afterwards was sealed and measured under nitrogen gas in the temperature range of 30300
• C at the scanning rate of 10 • C/min. The SWAXS measurements were performed at the beamline B1, HASYLAB, DESY, Hamburg at the X-ray energy of 14 keV. Further details of methods can be found in our previous article [1] . The results of DSC measurements are demonstrated in Fig. 1 . The DSC-thermograms show the melting points or re-crystallization process depending on skin or drug. Surprisingly the DSC-thermogram of the sh scale showed a good sharp peak (e.g. Fig. 1d ), whereas the whole skins showed many peaks (e.g. Fig. 1c, 1g) . Table I shows that the wet sh skin did not produce reasonable DSC thermograms because of the eect of water from the samples. Therefore the skin samples were dried in a desiccator with an absorbing substance for at least overnight period. After application of the drying process the skins showed better DSC-curves. By comparing the melting peak of the pure drug (i.e. paracetamol or ibuprofen) and the skins treated with a drug, it can be deduced that the paracetamol drug can penetrate through all studied sh skins. However, tha secondary nanostructure of some sh skins has changed, which can be monitored by the reduction or the increase of melting peaks of the paracetamol drug. The SWAXS scattering patterns (Fig. 2) showed typical peaks at dierent scattering vectors (Q). After comparison of the patterns of dierent skins i.e. human, pig, shed snake, or sh skins, small dierences were detected. The eect of the tested surfactants or enhancers, i.e. SLS and Tween80, was also clearly seen. SLS can penetrate into the model sh skins but Tween80 cannot. Some examples of SWAXS patterns are shown in Fig. 2 and the Q-values are summarized in Table II . Fig. 2 . SWAXS scattering patterns of dierent skins and eect of dierent substances: (a) pig abdomen skin, dry, no treatment, (b) pig abdomen skin treated with 5% SLS, (c) Python molurus molurus skin, dry, no treatment, (d) salmon skin treated with 5% Tween80, (e) salmon skin treated with 5% SLS, (f) 5% SLS, (g) 5% Tween80, (h) human stratum corneum.
Conclusions
By combination of the DSC and SWAXS characterization techniques a deeper understanding of the secondary nanostructure of the model membrane from local shes can be obtained. Though the sh skins showed small differences in comparison with the human startum corneum, pig or shed snake skins, the results showed that the sh skins may be suitable for application in pharmaceutical eld with small limitations.
